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Abstract
Microsporidia are emerging ocular pathogens. In this study, we
describe the seasonal trends of microsporidial keratitis. The inci-
dence of microsporidial keratitis is increasing in India, with a sea-
sonal trend towards disease onset during the monsoon.
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Microsporidia are obligate, intracellular parasites, belonging
to the phylum Microspora, and are recognized as opportunis-
tic infectious agents worldwide [1,2]. Human infections
caused by microsporidia include intestinal, ocular, sinus, pul-
monary, muscular and renal diseases [3]. In 1973, the ﬁrst
case of ocular microsporidiosis was diagnosed in a boy with
stromal keratitis [2]. In 1990, several cases of superﬁcial ker-
atitis were seen among AIDS patients; these differed in pre-
sentation and clinical course from cases seen earlier in
immunocompetent individuals [2]. These individuals had a
superﬁcial epithelial keratopathy. In India, the ﬁrst case of
ocular microsporidiosis was reported in 2003, in an immuno-
competent individual [4].
Microsporidia are waterborne pathogens [2]. Faecal–oral
transmission is the likely route of infection in humans with
intestinal microsporidiosis, but the source of ocular infections
is not clear [2]. The relatively superﬁcial location of conjunc-
tival and corneal tissues suggests that direct inoculation of
the eye may occur [2]. We recently noticed the frequent
presentation of new cases of microsporidial keratitis at our
institute, prompting us to undertake this study, which aimed
to investigate the seasonal trends of microsporidial keratitis.
Microbiology records of patients with microsporidial
keratitis seen at L. V. Prasad Eye Institute, Hyderabad,
India between January 2006 and December 2008 were retro-
spectively reviewed. The institutional review board of L. V.
Prasad Eye Institute has approved this study (Ref. No. -
LEC08074). Using standard techniques, corneal scrapings
were obtained with a sterile no. 15 blade on a Bard Parker
handle. Multiple scrapings were collected from each patient
for smears and cultures. Scrapings were taken from the
lesions, smeared on pre-sterilized slides for staining, and
inoculated onto various culture media for growth of bacteria,
fungi or Acanthamoeba. The procedure has been described in
detail in an earlier publication [5]. The smears were stained
with: (i) potassium hydroxide with Calcoﬂuor White (CFW);
(ii) Gram stain; (iii) Giemsa stain; and (iv) modiﬁed Ziehl–
Neelsen stain (Kinyoun’s acid-fast staining).
Corneal scrapings from ten patients with microsporidial
keratitis were subjected to microsporidial PCR. DNA was
extracted from corneal scrapings with the QIAamp DNA kit
(Qiagen, Hilden, Germany). Microsporidial PCR was
performed using the primers forward C1 (5¢-CACCAGGT
TGATTCTGCC-3¢) and reverse C2 (5¢-GTGACGGGC
GGTGTGTAC-3¢), which ampliﬁes the four commonly
reported species of microsporidia [6]. Ampliﬁcation was per-
formed in a 25-lL reaction mixture including 2 pmol of each
primer, 200 lM each deoxynucleoside triphosphate, 1.5 mM
MgCl2, and 1.25 units of Taq DNA polymerase. The PCR
programme consisted of: an initial denaturation step at 94C
for 3 min; 35 cycles of denaturation at 94C for 45 s, anneal-
ing at 57C for 45 s, and extension at 72C for 1 min; and a
ﬁnal extension at 72C for another 7 min. The products of
ampliﬁcation were electrophoretically resolved on a 1.5%
agarose gel and visualized for analysis after being stained with
ethidium bromide. The expected positive PCR product size
was 1200 bp.
India has three seasons: monsoon (June to September),
winter (October to January) and summer (February to
May). The seasonality of microsporidial keratitis was deter-
mined by comparing the proportion of cases that pre-
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sented in each season, using the chi-square test for
proportions.
Thirty cases of microsporidial keratitis were identiﬁed
during the study period. Of these, six were reported in the
year 2006, ﬁve were reported in the year 2007 and 19 in
the year 2008. Of the 30 cases, 20 were reported in the
monsoon (June through September), six were reported in
winter (October through January) and four were reported in
summer (February through May). The proportion of cases
reported in each season is shown in Fig. 1. The season of
onset of symptoms showed a trend towards the monsoon.
The difference between monsoon and summer (66.3% vs.
13.3%; p 0.0004) and the difference between monsoon and
winter (66.3% vs. 20.0%; p 0.007) was statistically signiﬁcant.
There was no signiﬁcant difference between the occurrence
in winter and that in summer (20.0% vs. 13.3%; p 0.708).
Microsporidial spores were detected by KOH + CFW in
30 of 30 samples (100%), by Gram stain in 20 of 25 (80%),
by Giemsa stain in 13 of 17 (76.4%) and by modiﬁed Ziehl–
Neelsen stain in 26 of 27 (96.2%). Microscopic pictures of
microsporidia in KOH + CFW and modiﬁed acid-fast (Kin-
youn’s acid-fast staining) stain are shown in Fig. 2. Culture
was negative for bacteria, fungi and Acanthamoeba in all 30
cases. In ten of 30 patients, corneal scrapings were subjected
to microsporidial PCR, and all ten patients were positive for
microsporidia in PCR.
Ocular infection with microsporidia has been documented
both in immunocompetent and in immunosuppressed
patients [2,4]. The reported prevalence of microsporidial
keratitis was 0.4%, and it is considered to be a rare disease
[7]. The incidence of microsporidial keratitis in India is not
known, but we noticed an increase in the number of cases
of microsporidial keratitis at our tertiary eye-care centre in
the last year. This may be due to increased clinical awareness
and improved diagnostic capabilities. Recently, Das et al. [8]
(Bhubaneswar, India) reported an outbreak of epidemic kera-
toconjunctivitis with microsporidia. From our study and the
study by Das et al., it is clear that there is an increase in the
incidence of microsporidial keratitis in India.
Variations in the incidence of microsporidial keratitis at
different times of the year have not been described previ-
ously, except for an outbreak reported by Das et al. Our
study points towards an increased incidence of microspori-
dial keratitis in the monsoon (the months of June, July,
August and September). Microsporidia have a worldwide dis-
tribution and can be found in any group of animals [9].
Sources and modes of human infection with microsporidia
have been difﬁcult to ascertain. Recently, animal reservoirs
of microsporidia infecting humans have been conﬁrmed
[10,11], but there are no reports of direct transmission of
microsporidia from animals to humans. Arthropods are the
most common hosts of microsporidia [9]. Human cases of
keratitis and myositis caused by Anncaliia algerae (formerly
Nosema/Brachiola), a mosquito parasite, have been reported
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FIG. 1. Proportion ofmicrosporidial keratitis presenting in each season.
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FIG. 2. (a) KOH + Calcoﬂuor White stain of corneal scraping
showing oval ﬂuorescing microsporidial spores (·40). (b) Modiﬁed
acid-fast stain (Kinyoun’s method) of corneal scraping, showing oval
acid-fast microsporidial spores (·100).
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[12,13], but there are no reports on ocular infections with
other insect-borne microsporidia.
The common environmental sources of microsporidia
include ditch water and other stagnant water bodies. Three
common species of microsporidia that infect humans have
been detected in these water samples [1,14]. The increased
incidence of microsporidia during the monsoon may be due
to contamination of water with microsporidia or the
increase in the insect population in this season.
The relatively small number of cases and the retrospective
nature of the study limit the strength of our conclusions. A
prospective study would be required to identify the sources
and modes of transmission of microsporidial keratitis and
the species of microsporidia responsible for infection.
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Abstract
In August 2010, during an entomological programme targeting
sandﬂies, in the region of Larbaa-Nath-Iraten, Wilaya of Tizi-
Ouzou (Algeria), a female Aedes albopictus was trapped alive and
partially engorged. To our knowledge, this is the ﬁrst report of
Ae. albopictus in Algeria and more widely in the Maghreb.
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During an entomological surveillance programme aimed at
the collection of sandﬂies, in the region of Larbaa-Nath-Ira-
ten, Wilaya of Tizi-Ouzou (Algeria), from 2 to 8 August
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